In this study, an attempt has been taken to manufacture okra fiber (OF) composites with varying the fiber content ranging from 25-65% on total weight of the composites and polypropylene (PP) was preferred as matrix material. To fabricate the composites untreated and mercerized fibers were selected. A systematic study was done to observe the mechanical behaviors of the composites such as tensile, impact and bending properties. It was found that treated (mercerized) fiber composites exhibited improved mechanical properties than that of untreated fiber composites. Maximum tensile strength (TS) and bending strength (BS) was examined 38.5 MPa and 72.5 MPa respectively, whereas the highest tensile modulus (TM) and bending modulus (BM) was observed 675 MPa and 5.4 GPa respectively. The optimum impact strength (IS) and hardness value was found to be 22.87 KJ/m 2 and 97 (Shore-A) for mercerized fiber composites containing 45% fiber. The composite samples were exposed to different intensities of γ radiation (2.5 kGy-10.0 kGy) and found significant improvement in the mechanical properties up to 5.0 kGy dose. Water absorption, degradation properties due to heat and soil medium of the composites were also performed. The interfacial property was examined by Microscopic Projector and Scanning Electron Microscope (SEM) and found that the interfacial bonding between matrix material and fiber was enhanced due to the treatment of fibers which authenticate the found mechanical characteristics of the composites.
INTRODUCTION
Recently, fiber reinforced composites have appealed huge consideration in the arena of engineering applications because of their excellent and unique combination of physical and mechanical properties. The bast fibers such as jute, flax, hemp, ramie, sisal, kenaf are presently using as reinforcement in polymer composite and many efforts have been made by researchers to establish natural biodegradable fiber as substitute of synthetic fiber to use effectively in the composite material. Several studies reported that incorporation of lingo-cellulosic fiber improves the physicomechanical properties of polymer matrices in the composite material [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Scientists prefer thermoplastic composites than thermoset because of low production cost and lower processing cycle. Synthetic fiber reinforced thermoplastic composites are dominating over natural fiber reinforced composites due to their higher strength, stability and corrosion resistance properties. But synthetic fibers are not decomposable and are causing ecological pollution. Due to increasing environmental consciousness, composites made of lingo-cellulosic fibers as reinforcing material are exploring day by day [14] [15] [16] [17] .
Okra fiber (OF) is obtained from okra plant. The scientific name of the plant is Abelmoschus esculentus which is under the family of Malvaceae, abundantly available in Bangladesh and also in some other tropical countries in the world. Fibers can be extracted from the outward cell layers of the stem [18, 19] . Presently the fiber has no economic value as the plant is subjected to combustion [20] . But the mucilage of okra fiber can be applicable for the production of decomposable polymer materials with proper grafting process [21] . The composition of OF is hemicellulose (15-20%), α-cellulose (60-70%), pectin (3-5%) and lignin (5-10%). The fiber showed improved tenacity (40.1-60.5 MPa) and moderate elongation at break (3-6%) also [22, 23] . The current study of mechanical and morphological properties of okra fiber confirm that it can be a potential candidate as reinforcing material in the composite field which is comparable to those of other common lignocellulose fibers like jute, hemp, flax, pineapple leaf fiber [18] .
Natural fibers have several advantages; for example, they have acceptable toughness, cheaper, improved strength, recyclable, biodegradable and cause no skin irritation [24] [25] [26] [27] [28] . Although several advantages, cellulosic fibers endure the drawback of nonresistance to high temperature and proneness to moisture absorption [29] . The composites prepared with nonpolar thermoplastic matrix and hydrophilic natural fiber result in reduced mechanical properties due to the poor affinity between the plastic material and fiber [30] . The mechanical properties of the composites can be enhanced by modification of natural reinforcing fibers by various physical and chemical methods such as alkali/mercerization, monomer grafting under UV and γ radiation [31] .
In this study, polypropylene (PP) was selected as thermoplastic resin because it possesses several outstanding properties like very good surface hardness, higher impact strength, superior abrasion and heat resistance. PP with biodegradable fibers can be a favorable way to produce the combination of synthetic-natural polymer composites [32, 33] .
The present study was designed to fabricate partially degradable composites using okra fiber as reinforcement and polypropylene as matrix. Untreated and mercerized fibers were used to prepare the composite. So, mechanical properties were compared between two types of composites. The optimum fiber content in composites was evaluated based on mechanical performance showed by the composites. Thermal aging, degradation under soil medium and water absorption capability were also observed for the optimized composites to investigate the suitability of the composites for wide-ranging applications. The morphology was evaluated by analysis of SEM.
METHODOLOGY 2.1 Materials
Okra plant has been collected from Gazipur District (Bangladesh). About three months old and around 2.5 m high plants were collected. After collection, the middle portion of the stems was separated and then dipped under water for retting. Fiber geometry and mechanical properties of fibers strongly depend on stem age [34] . The stems were degraded sufficiently within 15-20 days to allow the collection of fibers. The degraded stems were washed several times using distilled water and then the fibers were obtained. They were dried in open air and reserved in fresh container afterward [19, 35] .
Surface Modification
To remove natural impurities (lignin, pectin and wax), the fibers were mercerized using 5% NaOH solutions for 45 minutes at 70-80°C. Then the treated fibers were dried for one week at room temperature and desiccated at the temperature of 100°C for 10 minutes in a hot air oven to remove the presence of any moisture. The color of the fibers was changed from brown to silvery white after mercerization. The change of surface ( Figure 2 ) and diameter of the fibers ( Figure 15 ) was measured by using the microscopic projector.
(a) (b) Figure 1 : (a) Untreated and (b) Mercerized okra fiber 2.3 Composite Fabrication At first polypropylene sheets were prepared from granules. The preweighted granules were heated for 5 min at 190°C temperature by placing them in between two steel plates in a compression molding machine. The model of the machine was 3856, Carver Incorporation, USA. Cooling was done another compression molding machine of same model for 5-7 min at room temperature using 5 Metric Ton pressure. The resultant polypropylene sheets were cut to the desired size (12 cm × 12 cm) for composite manufacturing. Okra fibers were cut into the length of 20-25 mm. Four layers of fibers were inserted between five sheets of preweighted polypropylene during the fabrication of composite. The fibers were embedded randomly in between polypropylene sheets. By this way, a sandwich is formed which was then employed between two steel plates under a pressure of 5 Metric Ton for 5 min with keeping the temperature of 190°C (shown in Figure 3 ). The thickness of the resultant composites was kept 2 mm. Testing specimens were prepared from the composite sheet by cutting with grinding machine carefully. 
Testing of Mechanical Properties of the Composites
Tensile strength, tensile modulus, elongation at break (%) was investigated by following the DIN 53455 standard method using a Hounsfield S series Universal Testing Machine, model: H 50 KS-0404. The cross-head speed was set 10 mm/min during testing and the gauge length was 20 mm. The geometry of the test specimen was maintained 60 mm × 15 mm × 2 mm. Bending strength and bending modulus were examined according to DIN 53452 by means of above-mentioned equipment. The test speed and span distance was 10 mm/min and 40 mm respectively. The charpy impact strength was performed by maintaining the standard of DIN EN ISO 179 in the un-notched, flat mode by means of a pendulum type impact testing machine (Model-3016, Germany). The hardness of the composite samples was tested by an HPE Durometer (model type 60578, Germany) according to DIN 53505 standard. The mechanical properties of unreinforced polypropylene sheet were also tested according to the abovementioned method.
Prior to testing all the testing specimens were conditioned at 25°C and 50% R.H for several days. All the mechanical properties of composites were tested under the similar conditions. The average value of five samples was taken as the final value of all tests.
Irradiation
The composite samples were exposed to irradiation for different doses (2.5-10.0 kGy) with a dose rate of 3.3 kGy/hr by using the available γ source of Cobalt 60 (90.0 kCi) of the BAEC, Savar, Dhaka.
Water Absorption
Water absorption ability of composite samples was carried out in deionized water. The experiment was done at room temperature (25ºC) for 90 hr into a glass beaker containing 100 ml water. The size of the specimens was 20 mm × 10 mm × 2 mm. The samples were dried at 105°C in an oven before dipping, then cooling was done in a desiccator and the weight was measured. After different soaking period, the mass of the samples was taken by withdrawing them from the beaker. Water absorption was calculated by the following formula: Wg%=[(WaWo)/Wo]×100, where Wg is the water absorption (%), Wo denoted the mass of the specimens before dipping in and Wa indicated the mass of the test samples after water treatment.
Thermal Degradation Test
For determination of thermal aging, a thermo stated oven was selected and the test was continued up to the time period of 30 days. Model of the instrument was Denver, AA-160. After a certain time (5 days), samples were taken out from the oven and reserved at 25ºC for 24 h for testing the tensile properties.
Assessment of Soil Degradation
Untreated and mercerized composite test samples were buried in soil at 15 cm depth for the assessment of degradation behavior of the composites in soil medium. The soil should contain at least 25% moisture and the assessment was continued up to 24 weeks. After a certain time, samples were taken out from soil followed by washing with purified water and then dried for 6 hr keeping the temperature of 105°C. The samples were preserved for 24 hr at room temperature for conditioning to observe the tensile behaviors.
2.9 Examination of Interfacial Property SEM micrographs were taken from a scanning electron microscope (model JS 6490, Japan). Tensile fracture samples were selected for analysis of SEM. The dimension of the specimens was 2 mm × 2 mm and the experiment was done at room temperature using 20KV acceleration voltage.
3 RESULTS AND DISCUSSION 3.1 Influence of Fiber Loading To understand the mechanical attributes of a polymer composite several parameters need to be analyzed. These parameters greatly influence the performance of a composite and those are alignment of fiber, fiber-matrix ratio, fiber-matrix interfacial bonding [36, 37] . The fiber loading was varied in the composites from 25 to 65% on the weight basis of the composites. Moreover, compatibility between matrix and fiber play a vital role on tensile behavior of the composites [38] .
Influence of fiber filling (wt. %) on the mechanical properties of resultant composites was examined and the results are plotted in Figure 4 -8. It was observed that tensile, impact and bending properties were improved with the filling of the fiber up to 45% in the composite and after that considerable amount of reduction in mechanical properties were found with the rising of fiber loading in the composite (Figure 4, 6 and 8) . At the level of 45% fiber loading, tensile, bending and impact strength of the virgin samples were examined to be 33.2 MPa, 57.2 MPa and 20.84 kJ/m 2 respectively. For treated fiber composites that values were observed to be 38.5 MPa, 72.5 MPa and 22.87 KJ/m 2 respectively. It was also testified that tensile and bending modulus of the composites improved with the increment of fiber ratio up to 45% in the composites and above 45% fiber ratio, tensile and bending modulus of the composite declined considerably with the growth of fiber volume ( Figure 5 and 7) for both type of composites. The reason behind such result may be ascribed to the fact that with the increase of fiber volume in the composite the fiber-matrix interface was lessened due to reduced wetting tension [39] . The tensile and bending modulus of untreated fiber composites having 45% fiber content show the value of 615 MPa and 3.8 GPa respectively. Similarly, TM and BM value were found 675 MPa and 5.4 GPa respectively for treated fiber composites (45% fiber). From this analysis, it can be concluded that at the level of 45% fiber loading, the composites achieved the best mechanical characteristics. So, at the configuration of 45% fiber loading was found to be the optimal configuration. The composite performs poor mechanical properties due to reduced population of fibers with minor load transmission capability to each other at the lower level of fiber filling. At this level, the stress gathered at some points and extremely localized strains arise in the binder material. At 45% fiber content, the fibers participate in stress transfer very actively because the optimum alignment was found at this stage. A higher level of fiber loading increased the fiber agglomeration, as a result, cluster can be created and stress transferring should be blocked. So, failure occurs in the composite followed by initiation of cracks. The serviceability of the bio-composite might be failed by introducing the failure of the plastic material at first and breakage of reinforcing fiber afterward [40, 41] .
Investigation of Mechanical Properties of the Composites
The tensile properties of a material give the information how it behaves during the application of axial loading. The mechanical properties of unreinforced PP, untreated and treated OF/PP (45% fiber by wt.) composites were investigated. The obtained values are given in Tables 1-2 . Analyzed data revealed the value of TS, TM, EB (%), BS, BM, IS and hardness was 20.5 MPa, 492 MPa, 375%, 35.5 MPa, 1.9 GPa, 4.55 KJ/m 2 and 92 Shore-A respectively for PP sheet. Investigation showed that both raw and treated fiber composites achieved a substantial enhancement of their mechanical attributes which indicated the successfulness manufacture of the reinforcing fibers with PP matrix. The tensile strength and tensile modulus of virgin fiber composite improved to 62 and 25% respectively than PP matrix. From the analytical data, it was also found that bending strength, bending modulus and impact strength also improved to 61, 105 and 358% respectively for virgin fiber composites over the PP matrix. The treated fiber composite showed 88, 37, 104, 184 and 402% increase of TS, TM, BS, BM and IS respectively over the PP matrix. On the other hand, EB% was reduced significantly due to lower elongation of the natural fibers. The value of hardness was found to be 95 and 97 (Shore-A) for untreated and treated fiber composite respectively. It can be concluded that untreated fiber composites showed comparatively lower improvement in mechanical properties related to mercerized fiber composites.
It was reported that the treated fiber composite gained 16 and 10% increment of TS and TM than the untreated fiber composite. The BS, BM and IS of the treated fiber composite is improved 27, 38 and 10% higher than the raw fiber composite. During alkali treatment, the interface between fiber and matrix was improved for subtraction of dirty substances from the fiber and produces high-quality fibers. Mercerization also decreases fiber diameter also improves the surface roughness. The surface geography and enhancement in aspect ratio compromises better interfacial bond and developed the ultimate mechanical properties. The increment of surface roughness which creates better mechanical interconnecting between fiber and matrix was found due to mercerization. 
Influence of γ Radiation on Mechanical Characteristics of the Composites
The impression of γ radiation on tensile, impact and bending properties of the composites was inspected by optimized composites (45% fiber). The obtained data reported that the mechanical properties increasing trend was found from 2.5-5.0 kGy dose and after that the values decrease up to 10.0 kGy dose for both untreated and treated fiber composites. Best mechanical properties were obtained using 5.0 kGy of total γ dose at 3.3 kGy/h. The mechanical characteristics of the resultant composite are effected by the strength of interfacial bond between PP and reinforcing fiber. Interfacial bond strength was developed due to γ treatment by generating active sites. Subsequently, due to the formation of cross-link, the mechanical attributes of the irradiated composites were enriched up to 5.0 kGy dose. It may be supposed that stress transfer between fiber and matrix was better at 5.0 kGy dose which leads to cracks avoiding at the fiber. A possible reaction mechanism between cellulose and polypropylene during irradiation treatment is given in Figure 9 (a) and (b) . Figures indicate that γ irradiation directly affects the internal configuration of the cellulosic fiber and creates some active sites in OF and PP by subtraction of electrons which lead to form OF/PP complex and as a result, better interfacial bonding could occur between them. This complex formation might be the motive behind the enhanced mechanical properties [42] . But above 5.0 kGy dose, the irradiated composites showed reduced mechanical properties. The fact behind that, due to acquaintance of high energy γ radiation the polymer chains are broken which causes the degradation of PP matrix and cellulose backbone. During the degradation, due to breakage of primary bond in the cellulose components, the strength will loose and therefore, the deviations take place in the central lamella, which reduce the ultimate strength [43] . 
Water Absorption Behavior of the Composites
The optimized composite samples (45% fiber content) were dipped in deionized stationary water bath for around 90 hrs. The mass of the samples was determined by with drawling them after a certain time interval from the water bath. The obtained results were shown in Figure 10 against time. It was examined that the virgin composite samples showed a considerable amount of absorption than treated one. The absorption rate was optimum within the first 10 hr by both type of samples, and then the swelling rate became slow and static with time for treated composite, while the virgin sample continued to soak water very slowly. The virgin composite specimen gained highest water absorption up to 9.85%, whereas the treated sample yielded 7.12% water of its weight. The cause for lower absorption by the treated specimen might be the fact that vacant space of fiber filled by the polymer.
Creation of intermolecular hydrogen bonds with neighboring cellulose can be the reason for increasing moisture absorption. Due to alkali treatment, some of the hydroxyl groups are replaced and the hygroscopicity of lingocellulosic fiber is reduced. Mercerization also increased crystallinity in the fiber. In the crystalline part, the hydroxyl groups are cross-linked so, there is no space available to retain water [43] . 3.5 Thermal Degradation of the Composites Degradation of the composites in heat medium was done by heating the specimens in an oven for 30 days at 90ºC. The TS of the composite samples was determined after a certain period and loss (%) of TS is shown in Figure  11 . The raw and mercerized samples lost the tensile strength of 28, 22% respectively after 30 days of thermal aging and the values were 23.8 and 29.9 MPa respectively. From thermal degradation test, it is noticed that the untreated composite lost a considerable amount of tensile properties while the treated one retained much of their properties. The degradation behavior of fiber-reinforced composites is related to the breakage of glycosidic linkages of cellulose firstly; the second relevant to the depolymerization of the α-cellulose, hemicellulose and pectin [44] .
Soil Degradation Study
The discontinuous fiber composites of 45% fiber content were buried in soil and degradation test was carried out up to 24 weeks. The results of TS and TM were shown in Figure 12 and 13. It was clear for both types of composites that, the tensile properties lessened phenomenally with time interval. After 8 weeks observation, untreated and treated OF composites lost nearly 20 and 16% of TS, 9 and 7% of TM respectively. After 5 months of soil degradation, both untreated and treated fiber composites showed a substantial loss of strength. Virgin and mercerized fiber composites lost 32 and 26% strength respectively. In the same period, untreated fiber composites lost almost 17% TM and treated fiber composites lost 15% TM. The value of tensile strength and modulus was found to be 22.5 and 510 MPa for untreated and 28.8 and 572 MPa for the treated sample after 5 months of degradation. The strong attraction was found in cellulosic fibers to damage when they are kept under the soil medium. The water molecule enters into the cutting ends of the composites under the soil medium and as a result, the cellulose degraded sufficiently which reduce the tensile properties of the composites significantly. 3.7 Examination of Interfacial Properties SEM micrographs were used to understand the interfacial bonding of the composites. Figures 14 (a), (b) and Figures 14 (c) and (d) show the tensile fracture surface of the virgin and mercerized composites (45% fiber). The figures specified that the raw fiber partly adhered to the binder material, demonstrating the weak interfacial bonding between fiber and matrix.
It is detected that the fiber diameters are different and found 0.08-0.20 mm (Figure 15 ), the fiber surface is harsh and small amount of fibers and particles adhered. On the other hand, the mercerized fiber was entirely bounded with the PP matrix demonstrating an improved fiber-matrix bonding. As a result enhanced stress transfer occurred between the reinforcing fibers and matrix material. From the images, the debonding of the PP and OF is also found. These recommend that the bonding between matrix and reinforcing fiber can be developed further. The physico-mechanical behaviors of composites significantly depend on the interfacial bond strength between reinforcement and matrix. Therefore, it is reflected that the tensile, bending and impact behaviors of the composite material can be further optimized by the use of appropriate coupling agents. 
CONCLUSIONS
Okra fiber reinforced polypropylene composites were fabricated successfully using compression molding technique and physicomechanical behaviors were assessed. It can be concluded that:
1. The tensile, impact and bending behaviors of the resultant mercerized fiber composites were enriched than the virgin fiber composites. The investigation also showed that at 45% fiber content, the mechanical performance of the composites was the best than all other fiber content. 2. The soil and thermal resistance behaviors of composites were developed when composites were mercerized.
Water absorption capability was also reduced due to mercerization. γ irradiation was found to be a potential source to improve the physicomechanical properties of OF/PP composites. Soil degradation test indicated that the composites retained their inherent biodegradation behavior. 3. SEM analysis revealed that fiber and PP matrix was in good adhesion and also weak interfacial bonding was found due to agglomeration of randomly orientated fibers which reduces the ultimate mechanical properties of the composites. SEM image also indicated that the interfacial affection between polypropylene and fiber could be developed further by using coupling agent with the proper embedding of fibers during manufacturing of composites. 4. The tensile fracture samples were selected for SEM analysis only. If SEM could be done on bending and impact strength tested samples it would be more supportive to observe the interfacial bonding between reinforcement and matrix material. 5. Finally, it had been observed that OF/PP composites possessed sufficient physical and mechanical properties which established that okra fiber can be a potential candidate for using as reinforcement in the polymer composite area for diversified applications.
